Preliminary results from a Fermilab study of the sensitivity for higgs production at the Tevatron in run II and beyond are presented. The study extends existing results by systematically combining results for all decay c hannels, considering the production of higher mass higgs bosons and interpreting the results in the context of supersymmetric higgs production as well as standard model production. In addition new analysis methods which signi cantly improve sensitivity are used.
I. INTRODUCTION
The standard model of particle physics has been studied with very high precision over the course of the past ten years, and no signi cant deviations have been found. Despite this, our understanding of the origin of electroweak symmetry breaking is still incomplete. This arises in large part because the only remaining undetected standard model particle, the higgs boson, mediates electroweak symmetry breaking in the standard model. The highest available center of mass energy for the years 2000 to 2004 will be at the Fermilab Tevatron p p collider with p s = 2 :0 T eV. It is natural to explore the sensitivity to higgs production at the Tevatron. This paper contains preliminary results from a year long study conducted jointly by the Fermilab theory group and the CDF and D experiments. The goal is to quantify the higgs discovery potential at the Tevatron in the coming run II and possible extensions. Results are presented as the luminosities required to exclude higgs at the 95 con dence level, or to establish either 3 or 5 excesses over predicted backgrounds.
The starting points for this study are the higgs mass constraints expected from LEP2 1 and previous Fermilab studies 2 3 . This study extends the previous Fermilab results by 1 including additional standard model decays in the mass regions previously explored, 2 testing the sensitivity for higgs masses M H 135 GeV, 3 systematically combining results from all channels, 4 interpreting the results as supersymmetricSUSY higgs production and 5 considering additional decay modes arising from SUSY models. In addition, a detector simulation was developed which gives signi cantly more realistic event reconstruction than some of the previous studies used. This paper has six sections. The rst describes the production and decay of standard model higgs bosons and the simulations used in this study. The second and third sections contain results for standard model higgs production in the mass ranges 90 M H 135 GeV and 135 M H 200 GeV respectively. The fourth section presents the combination of the results in sections two and three. The fth section describes the extension of the results to SUSY production. The last section describes studies of additional SUSY speci c decays, particularly nal states having four b quarks.
II. PRODUCTION, DECAY, EVENT GENERATION AND DETECTOR SIMULATION
The production cross sections 4 and decay branching ratios for a standard model higgs boson are shown in Fig. 1 Unless explicitly noted, events used in these analyses were generated using the Pythia 5 , Isajet 6 or CompHep 7 programs. The generated four vectors were then input to a detector simulation program, SHW, developed for the run II workshop 8 . This program uses parameterized resolutions for tracking and calorimeter systems and particle identi cation to perform simple reconstruction of tracks, calorimeter based jets, vertices and trigger objects. All analyses for these channels begin with a preliminary selection based on the number and type of nal state objects. Each point in the gure represents one possible analysis. The band labelled rgsearch" corresponds to hypothetical analyses performed using selections using the standard technique of sequential requirements applied to event v ariables, with each requirement a single valued comparison such a s E = T 20 GeV. The point labelled TeV 2000" is the result from a previous Fermilab study 2 . The point labelled neural net" is the result from the multivariate analysis. One sees that for a xed background, the signal is increased by roughly 50 using the neural network. Similar gains are expected in all other channels in this mass range. 
A. Other Improvements
Results have also been obtained for hypothetical improvements in mass reconstruction and b jet tagging e ciency.
The analyses were repeated after arti cally improving the reconstructed dijet mass resolution in steps up to a 50 better resolution. The results in Tab. I include an improvement in mass resolution of 30. This level of improvement is possible when information such a s c harged track energy is used in the mass reconstruction in assocation with the calorimeter based jet energies currently used. Such an improvement has already been realized in a preliminary run I CDF analysis of the p p ! Z ! b b channel. 11 Improved mass resolution o ers considerable bene ts because for a selection with a xed signal expectation, the background will decrease as the resolution improves.
The e ect of improved b jet tagging has also been explored by arti cially improving the second jet tagging e ciency by up to a factor of two. The gains from this improvement are not as important as those from mass resolution improvements because both signal and background increase with improved tagging e ciency. detector e ects. The standard model sources dominate the detector e ects. 2 As for the low mass analyses, the initial selections are based on simple variables related to the boson decay product kinematics. However, to reach usable sensitivity, the analyses then use either 1 requirements typically relating to angular correlations arising from spin di erences between signal and background or b likelihood methods. In both cases new variables have been designed. Figure 3 shows one such v ariable used in the l + l , analysis, the cluster mass M C p p 2 T `` + m 2 `` + E = T . A result of the tuning is that the signal and background have similar mass distributions, so these analyses must be treated as straight counting experiments. The numbers of expected signal and background events for the high mass channels are given in table II. 
IV. HIGH MASS HIGGS SEARCHES, MH 135 GEV

V. COMBINATION OF STANDARD MODEL SEARCH CHANNELS
The results in the preceeding two sections have also been combined to form a single uni ed result. Figure 4 shows the luminosities required for 95 CL exclusion, 3 evidence and 5 discovery as a function of standard model higgs mass. These contours include statistical and systematic errors 3 and the channels are combined using the prescription of reference 13 . 
